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AN ELEMENTARY INTRODUCTION 
- TO INDUSTRIAL ELECTRONICS. 


INTRODUCTION. 


Tue industrial scope alone of electronic engineering is so wide and 
varied that several volumes could be written on any one aspect 
of it, and a pamphlet of this size will obviously not permit detailed 
exposition of any one example. Accordingly, an attempt has 
been made to provide the basic theory of various electronic appara- 
tus, together with a rough outline of their particular industrial 
field, and once this theory has been properly understood, the 
myriad uses of electronics will become self-evident. For specialized 
study or reference an extensive bibliography is appended. 


1. Electronics. 


The term “‘electronics” or ‘“‘electronic engineering” is properly 
used to indicate the science of the free electron, although in a 
loosely applied sense any apparatus using valves or other ther- 
mionic devices could be called ‘‘electronic.”’ 


2. The Electron. 


The term “free electron” seems rather a peculiar one, in view 
of the fact that an electron is an integral part of atomic structure, 
and as such possesses a freedom of its own. 

This freedom is only relative, as for example, in any ordinary 
piece of matter. Here the electron has movement, but only 
within its own atom, and further, this freedom is again restricted, 
the electron being compelled to rotate in a definite orbit around its 
parent nucleus. If the piece of matter selected is an electrical 
conductor, then the application of a voltage to its ends will cause 
any unattached electron to move along the conductor, its place 
being taken by an electron provided by the voltage source, and 
this ‘“migration’’ of electrons constitutes an electric current. How- 
ever, the electron even now is not “‘free,’’ because it can only move 
inside the material, and cannot even exhibit a tendency to leave 
its conductor. 

The whole of our conception of matter is based upon this 
elusive and infinitesimal particle, the electron, which is now gener- 
ally regarded as an indivisible particle of negatively charged matter, 
having some characteristics akin to wave mechanics. 
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3. The Free Electron. 


When the material of which the conductor is composed is 
placed in a vacuum or near vacuum and heated, then, provided 
sufficient heat is applied, a quantity of electrons will be liberated. 

However, immediately these electrons leave their parent atom, 
that atom becomes a positive ion, and as such will attempt to 
capture any free electron that may be near. Thus, when the 
electrons have been released by heat they leave a positively charged 
body behind (Fig. 1), and as an electron has a negative charge, 
it is attracted back to this body. The net result is that a small 
cloud of electrons is formed around the positively charged conductor, 
and the only way to draw off these electrons is to place a further 
conductor having a much greater positive charge in close proximity 
to the emitter (Fig. 2). The cloud of electrons formed, as described 
above, is termed the space charge. 


+ ‘ 
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TENSION 
Fig. 1. Fig. 2. 


4. Control of the ‘‘Free’’ Electron. 


The nature of electron flow is from minus to plus, and although 
flow is conventionally regarded as being from plus to minus, this 
is really incorrect. | However, it is occasionally more convenient 
to regard current flow as being from positive to negative, and so 
most electronic engineers switch from “‘conventional” to ‘“‘elec- 
tronic’ conceptions of flow, whichever seems more suitable at 
the time. 

When once liberated, the electron can be used in an infinite 
variety of ways, and its control is very simple in substance. It 
can be controlled by external magnetic or electric fields (Fig. 3) 
and can be accelerated or retarded at will. 

In addition to changes of course, and/or velocity, the electron 
stream can be focussed in the same manner as can a beam of light. 
Examples of electrostatic and electro-magnetic Jenses are shown 
in Figs, 4,5 and 6. 
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ELECTRON 
t STREAM 


(a) Electrostatic Deflection. (b) Magnetic Deflection. 
Fig. 3. 
In Fig. 4, an ordinary ‘condensing’ lens is shown. The 
function of the negative cylindrical shield is to bunch the electrons 
§ J 


together and thus allow many more of them to be drawn through 


CATHODE OVOLTS. 


3uWIELD. ICO VOLTS 
NEGATIVE 


| 
eps. ~p1sc ANODE 500 VOLTS 
POSITIVE 
|] |S ELECTRON STREAM 


Fig. 4.—Flectrostatic Lens. 


the circular gap at the centre of the anode. The chain dotted 
lines in the diagram indicate lines of force at equipotentials, and 
the dotted lines show the path of the electron stream as it con- 
denses in passing through the “‘lens.” 

A further lens system is the one shown in Fig. 5. Here, the 
two electrodes are again raised to different potentials, resulting 
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Fig. 5.—ElIectrostatic Lens 
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in the creation of a curved flux line between them. The resultant 
path taken by the electron stream or “‘cathode-ray,” as it is some- 
times called, is that of a converging beam. 

Only one example of the magnetic focussing methods need be 
shown, and this is the concentrating coil. 

The cathode ray again cuts the curved flux produced by a 
symmetrical magnetic field, which bends the electron stream in 
on its centre. (Fig. 6). 


COIL CARRYING 
_ ELECTRIC CURRENT. 
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Fig. 6.—Tlectrostatic Tens. 


The focal length of lenses of the electrostatic type is controlled 
by the voltage on the plates, while that of the magnetic lens is 


controlled by the current strength, 7.c., the density of the magnetic 
field. 


5. Application of Electronics. 


The industrial applications of the science of electronics can be 
broadly classified under four main headings :— 


1. Processing. 

2. Control apparatus and communications. 
3. Safety devices. 

4. Accurate measuring instruments. 


Quite a large percentage of mechanical engineers seem to have 
an inherent distrust of thermionic valves and their associated 
apparatus, and to regard the use of electronic devices generally 
as being an unnecessary and complicating factor in any design job. 
It is most probable that this distrust arose in the days when the 
reception of a radio programme meant half-an-hour or more 
fiddling’ with a cat’s-whisker and crystal, and radio sets were 
nothing but a mass of knobs and switches that had very problema- 
tical results on reception. It must be admitted that in those early 
days valves were often the weakest link in the radio chain, and a 
natural reluctance to give up old ideas may account for some of the 
prejudice existing to-day. However, when it is realised the 
extensive part played by all types of electronic equipment in our 
modern life, its reliability can no longer be in doubt. V alves are 
extensively used by the Post Office in trunk telephone services, 
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and often this apparatus has to function for long periods without 
supervision. Some valve relays are used actually incorporated 
in a cable,* and the cable sunk to the ocean bed, so that reliability: 
is almost the only factor to be considered. 

Other aspects are. the extremely low breakdown percentage 
shown by B.B.C. transmitters, the utter reliance of modern com- 
merce on high-speed, dependable communication services, and, 
in all, a host of services that are usually taken for granted. 

Surely this is sufficient indication that electronic apparatus 
has passed from luxury to essential use. 


CHAPTER I. 
RADIO HEATING. 


THERE are two types of radio heating, one known as “eddy current” 
heating, the other ‘‘dielectric’’ heating. _ As eddy current heating 
is the older of the two, it will be dealt with first. 


1. Eddy Current Heating. 


Every electric current has associated with it an electric and a 
magnetic field, and if the current is alternating (rapidly changing 
in value) then the magnetic and electric fields will also be alternating. 
It follows from this that alternating magnetic fields will induce 
alternating electric currents in any conductor they happen to 
traverse, and in fact this property of alternating fields is made 
use of in nearly all branches of electrical science to-day. Whilst 
a circuit may deliberately arrange to transfer energy in this way, 
i.e., by electro-magnetic induction, it is obvious that all conductors 
placed in the alternating field, whether they form part of the 
circuit or not, will have currents induced in them. The currents: 
induced in conductors other than those constituting the required 
circuit represent an energy loss, and are termed eddy currents. 
In radio heating, use is made of the “energy loss’? due to eddy 
currents. A block diagram of the apparatus is given in Fig. 7. 

In eddy current heating, the object to be heated is placed in the 
magnetic field created by a very heavy alternating current, and it 
has induced in it heavy eddy currents. The energy of these eddy 
currents is spent in overcoming the resistance of the material in 
which they are flowing, and is dissipated as heat. The dissipation 
of heat through the substance will naturally cause a rise in tem- 
perature, and the more energy that can be dissipated in this way, 
the higher the final temperature will be—within certain limits. 

The higher the frequency used in generating these alternating 
magnetic fields, the greater the tendency for the induced or eddy 


* G.P.O. 48-circuit telephone cable beneath the Irish Sea. 
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currents to concentrate near the surface of the conductor, until at 
very high frequencies these eddy currents do not penetrate more 
than 6” or so into the material being heated. This property of 
high frequency currents, known as the skin effect, is made use of 
in the case-hardening of small tools, crankshaft bearings, gear 
wheels, and in fact anything requiring a hard case on a tough core. 

As is well known, the usual method of case-hardening is the 
heating of the whole article in the presence of chemical compounds 
which change the composition of its surface metal, cooling, reheating 
and quenching. This involves a whole series of processes, each taking 
considerable time, each involving a considerable amount of energy 
and handling—all expensive factors in modern production methods. 
In addition, there is the possibility of non-uniform depth of case, 
surface cracking, and distortion during cooling. With eddy 
current heating at high frequencies—usually termed radio-frequency 
heating—the whole process is completed in a matter of seconds, and 
since the bedy of metal remains cold, it is self-quenching, provided 
the volume of unheated metal is large in comparison to the heated 
volume. An actual time for the hardening of a 3-5” outside 
diameter worm and shaft, was 4:5 seconds. 

Should the relation of unheated to heated volumes be too small] 
to permit of sufficiently rapid self-cooling, then the article can be 
heated whilst under water. The steam jacket formed around the 
heated body is sufficiently insulating to allow full hardening tem- 
perature to be reached, and when power is cut off the surrounding 
water immediately quenches the metal. : 


2. Eddy Current Heating Applications. 


Low frequency eddy current heating has been in use for severa] 
years in the melting of special steels and alloys, for heating valve 
electrodes during the air exhaustion process, and for the “running” 
of tin plate that has been electro-deposited. Depositing tin plate 
on various metals by the electro-plating method has long superseded 
the expensive ‘‘hot-dipping’”’ system, but electro-deposited tin js 
porous with a dull grey colour, and can only be made glossy by 
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Fig. 7.—Block Diagram of [eddy Current Heating Apparatus. 
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re-melting, or “re-flowing,” as it is called. The use of eddy 
current heating enables this re-flowing to be done continuously 
and efficiently. 

It may be of interest to quote here a formula derived by Babat 
& Losinsky,* and giving the thickness in which 90°, of the heat is 
generated in E.C.H. (eddy current heating) 


l P 
t= - 
27 Vis 


ft = thickness in centimetres. 

ye = permeability of the material. 

f = frequency in cycles per second. 

p = specific resistance of the material in ohms per 
centimetre cube x 10° (C.G.S. units). 


where 


For carbon steel at 20°C. this becomes 


20 
¢ = —— millimetres. 
The power dissipated in eddy current heating of materials is 
proportional to the specific resistance and permeability in the 
manner 


Power oc V up. 


It will be seen that a material with low specific resistance and 
permeability will be extremely wasteful in E.C.H., and this is borne 
out by the fact that the heating of brass, copper, and other non- 
magnetic,’mainly good conducting materials, by the eddy current 
method is rarely justified industrially. An interesting application 
of the fluctuating magnetic field produced by a R.F. heater is in 
the casting of some metals, notably light alloys. The mould is 
subjected to a strong uni-directional magnetic field, and also to the 
varying field produced by the oscillator. This produces varying 
electrostatic and electromagnetic stresses in the material, the 
resulting molecular interaction giving a better grained and blow 
free casting. 

3. Dielectric Heating. 
In order to understand the principle employed in dielectric 


heating it will be necessary to study the working of a condenser 


in some detail. 
The term “condenser” is an unfortunate one, and an electrical 


condenser in no way “‘condenses’’ electricity, it merely stores it. 
In its simplest possible form a condenser consists of two parallel 
metal plates separated by a plate of insulating material (Fig. 8), 
such as glass, mica, paper, etc. : 

* “Journal LEE.” Vol. 86, February, 1940. 
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PLATES > 


co — 


Fig. 8.—Simple Condenser. 


This insulating material is called the “dielectric,” and it serves 
to prevent the passage of electrons from one plate to the other, and, 
in effect, it therefore prevents current flow. Now, assume an 
electric battery be connected to the condenser in Fig. 8, producing 
the conditions shown in Fig. 9 


+ 
DIELECTRIC. & 
LARGE SuepLus ( 
aa a ee BATTERY 
Fig. 9.—Charged Condenser. 
What happens is this. | When an electromotive force, or 


voltage, is applied to the condenser, electrons flow on to the nega- 
tive plate—negative because it is connected to the negative ter- 
minal of the battery—and their strong negative electric field repels 
the electrons in the dielectric. Because the dielectric is a good 
quality insulator its electrons do not become free, but move ever 
so slightly away from the negative field, and thus a state of strain 
exists in the dielectric. In moving away from the negative field 
on the one plate A, the electrons in the dielectric must obviously 
approach the plate B, and so repel the electrons in that plate, 
As B is a good conductor these electrons become detached and 
flow into the positive terminal of the battery, which, it will be 
remembered (page 4) is deficient in electrons. This makes plate 
B positive in sign. If the battery be removed, the condenser 
will still remain charged, because there is no path to enable the 
surplus electrons on the negative plate to make good the deficiency 
existing on the positive one. 

It will be seen that during the charging operation a current flows 
round the circuit, and only when the condenser is fully charged 
will the dielectric act as a break in the circuit. If A.C. is applied 
to a condenser, then, because alternating current is constantly 
changing in polarity, that is, from zero volts to plus maximum 
down through zero again to minus maximum, (Fig. 10) the con- 
denser to which this alternating voltage is applied, will be con- 
stantly charged up, discharged, charged up in the opposite direction, 
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and so on continuously. Thus, in effect, current will continue to 
flow through the circuit, and the dielectric of the condenser will 
not act asa bar. The higher the frequency, or the more rapidly 
the voltage changes polarity, the more current flowing through the 
circuit—in other words—the bigger the movement of electrons in 
a given time. 


+ MAX’ ; 


VOLTS. 


— MAX. 


Tian, — 


Fig. 10.—Alternating Current. 


Of the total energy used in moving the electrons in the dielectric, 
the majority is given back when the condenser is discharged, that 
is, when the dielectric clectrons return to their normal position, 
but some of the energy is lost due to this moving about. It is this 
loss of energy, called the dielectric loss, that is used in dielectric 
heating. The part of the lost energy that is dissipated as heat raises 
_ the temperature of the dielectric, and so in this type of radio heating 

the material to be heated is placed between the plates of a simple 
condenser, 7.¢., it is used as the dielectric, and the frequency and 
amplitude (voltage) ot the applied A.C. will control the amount of 
dielectric loss which is the temperature rise. 


4. Dielectric Heating—Applications. 


This system of heating insulators, by virtue of their power factor 
as a dielectric, is used extensively in the plastics and plywood 
industries. It is especially valuable where multi-ply woods are 
to be heated and glued, because the heat supplied by this dielectric 
method is applied evenly throughout the whole block, and thus 
obviates the long time lag experienced with the more usual methods 
which entailed waiting for the heat to penetrate through the poorly 
conducting wood to the internal glue layers. 

Piles of plywood sheets bonded with waterproof thermosetting 
resins are “cured” while under pressure by using the top and 
bottom platens of the press as ove plate of the condenser, and 
using a thin metal sheet placed in the middle of the pile as the other 
plate. The platens of the press are connected to earth, thus 
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making for greater operational safety, and the high frequency 
voltage applied between centre sheet and earth. 

Dielectric heaters of very high powers—up to 400 kilowatts— 
have been constructed for plywood heating, and the areas and 
thicknesses concerned are unlimited, provided sufficient R.F. power 
is available. 


Dielectric heating may also be said to be an accepted part of 
the plastics industry, where large block mouldings are pre-heated 
by this method before transfer to the hot press. This enables 
thicker mouldings to be produced than is the case with usual 
heating methods, because normally, with a thick moulding, the 
outside is cured before the inside. This is the reason why most 


bakelite mouldings on the market are of shell-like form, and why 
dielectric heating, 


with its assurance of better heat distribution, 
enables bigger and faster mouldings to be produced. 

The final stage of food dehydration, or “drying” as it is some- 
times called, is in several instances accomplished by the dielectric 
process, and very high powers are used in this application. 

Dielectric heating with the “spot welding’ technique is used 
extensively in America for sealing cellophane packages of all kinds, 
and in this country spot dielectric heating with R.F. power has 
been developed for tacking the edges of plywood sheets used in the 
aircraft industry. 

Mention may be made here of the many surgical and medicinal 
uses of high frequency electrical currents, both in electro-surgery 
and dia-thermy. 

In electro-surgery, the use of high 
currents enables bloodless incisions to be 
tion of dielectric heating means that deep-seated tissues or organs 
can be heated selectively. The heating of body tissues was one 
of the first applications of radio heating. 

In view of the increasing importance to industry of radio- 


frequency heating, oscillator design is dealt with rather fully in 
the following sections. 


frequency, high-voltage 
made, whilst the applica- 


5. Design of Radio-Frequency Heating Equipment. 
The Oscillator. (Eddy Current Heating). 


In the design of oscillators for industrial heating purposes the 
main considerations are that power from the mains at the standard 
frequency of 50 cycles/sec. shall be converted efficiently into power 
at frequencies as high as 50 million cycles/sec., and that the equip- 
ment used shall require the minimum amount of maintenance. 


There are two main types of circuit that could be used :— 


1. Master-oscillator and amplifier. 
2. Self-excited oscillator. 
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Choice will generally fall on the self-excited .oscillator for the 
following reasons. 

In equipment using a master-oscillator, the actual power stage 
is separated from the stage controlling the frequency of the output 
energy, and thus when the “w ork,’’ as the material being heated is 
usually called, is placed in the heating coil, the frequency of the 
output stage can change without affecting the frequency being 
generated by the master-oscillator. This means that the two 
circuits get out of step immediately, with a consequent disastrous 
power loss. 

In the self-excited power oscillator the insertion of the “‘work”’ 
in the heating coil will still cause a change of frequency, but the 
oscillator will be self-adjusting to this change, and so efficiency will 
remain reasonably constant. It is possible for this change in 
frequency to amount to as much as 25%. 

Because such large outputs are required, coupled with economy 
in the use of valves, the choice of operating conditions for the 
circuit is automatic, falling under the heading of class ‘“‘C.” ‘In 
class “‘C’’ operation the valve is supplied with power only during 
a part of half a cycle, the inductance and capacity of the circuit 
being relied upon to supply the required energy for the rest of the 
cycle. This is analogous to the action of a flywheel in mechanical 
enginecring. 

A class “‘C’”’ operated valve is biased to twice cut off, 2.e., to 
twice the value necessary to prevent anode current flowing in 
spite of the voltage existing on the anode. Large R.F. voltages 
are then imposed on the grid during part of each “cycle, driving it 
positive and thus causing maximum anode current to flow. It 
will be seen that at maximum positive grid voltage anode current 
will be maximum and anode voltage minimum. 

Minimum anode voltage occurs because the current flowing 
through the output coil (called the ‘‘tank”’ coil) will be at maximum 
and therefore a considerable amount of the available voltage will 
be dropped across this coil. 

At this moment of maximum grid voltage and maximum anode 
current, the A.C. resistance of the valve will be at its minimum 
value, and therefore the voltage drop across the valve will be at its 
lowest figure. 

Thus, with a low volt drop across the valve and a high volt 
drop across the tank coil, plate efficiency will be at its highest and 
maximum power will be available for heating the work. 

To obtain high power outputs without the necessity for over- 
running valves, and to overcome the possibility of poor load 
factors, use is commonly made of two valves operated in ‘‘push-pull.”’ 

In this arrangement the valves operate alternately, each valve 
supplying power for part of one-half cycle in turn. The tank 
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circuit does not now have to provide power during a whole half 
cycle, but only during part of each half cycle. 

Using the average quality class “‘C’’ valves in push-pull, a power 
efficiency of 60% can be regularly achieved and quite frequently 
exceeded. 


6. Oscillator Design. 


Fig. 11 gives the fundamental circuit diagram” of an average 
self-excited push-pull power oscillator. 


HT. 


Fig. 11.—Component values are discussed in text. 


COMPONENTS. ° 
(a) HFC, HFC, (CHoxEs). 
In this circuit, high frequency chokes HFC, and HFC, are used 
to prevent the radio-frequency drive voltages applied to the grid 


from being short circuited to earth by way of grid leak and con- 
denser network R, —C,. 

(6) R, (Grip LEax). 

The value of R, is simply calculated from Ohm’s law, 

R = E/I 

where E is the value of grid bias required and I the peak R.I’. grid 
current. Peak R.F. current flowing in the grid circuit under 
class ‘‘C’”’ conditions is about 30% of the D.C. anode current, D.C. 
grid current about 15%. Table I. shows D.C. anode current and 
R.F. anode current expressed as a percentage ofthe total permissible 
current flow. This total current flow should be taken as lying 
between 80% - 95% of the total filament emission. 

The part of the half cycle of 180° during which the grid is driven 
positive will obviously depend upon both the value of biasing 


oO 
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TABLE I. 


Relation of Direct and Alternating Components of anode 
Current to Total Emission Angle of Flow. 


ANGLE OF | D.C. ANODE | A.C. ANODE 
Flow 1x DEGREES. | CURRENT. CURRENT. 
| Per Cent. Per Cent. 
120 19-5°% | 35% 
125 20% 36% 
130 20-8% 37% 
135 | 21-59% 38% 
140 (220% 39%, 
i 
145 | 22-89%, 40% 
150 | 23-5%, | 41%, 
155 | 24-12% 4207, 


voltage chosen and the value of drive voltage applied, and should 
the bias voltage be fixed at cut-off point, then obviously any 
positive drive voltage applied will commence to push the grid 
positive. This would mean that grid current would be flowing 
for 180° of the complete cycle, and the arc of operation or “angle 
of flow’’ would be said to be 180°. 


It has been shown (Section 5) that when the grid voltage is at 
positive maximum (:"g max) anode voltage is at minimum (Ea min). Then 
under those conditions maximum energy would be delivered to the 
work because the anode efficiency would be very high, 7.e., very 
little energy would be dissipated inside the valve as heat. From 
this it will be seen that if the length of time taken for the grid to 
reach Ig max can be shortened, then the anode efficiency will be 
correspondingly higher, and the length of arc during which the 
grid is positive will be shortened, 7.e., its arc of operation will be 
reduced. There is (as usual) a snag in this. As the grid pulse is 
shortened, the anode efficiency will be higher, but the valve will be 
supplying current for a much shorter period, and this means that 
energy will be subtracted from the tank coil in order to maintain 
the oscillation. The overall efficiency, called the “power effi- 
ciency,” will therefore be lower. 


In practice, it is usual to take an angle of flow of about 140°, 
which will give a reasonable compromise between anode and power 
efficiencies. 
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The value of bias voltage required to give an angle of flow of 
140° can be found from the formula :— 


En Es mu _ 
e == 4 (Ee mas ~ ee K (1) 
be ld 
where [E,, = Bias voltage. 
Ent = High tension voltage (anode voltage). 
Eg max = Maximum positive swing of grid. 


Minimum anode voltage. 


4 ¥ 
amin 


pe = Amplification factor. 
Kk = -51941 for 140° angle of flow. 


K can be found for other angles from the equation : 
cos (6/2) 
vers (6/2) 


ba 


The maximum voltage reached by the grid (Ey max) must under 
no circumstances exceed minimum anode voltage (Ea mn), because 
if it did so an inordinately high grid current would flow with detri- 
mental results to the valve. 


The figures for grid current can be obtained from characteristic 
curves supplied by the valve manufacturers, as can the figure giving 
maximum total emission of the valve, which will naturally be the 
sum of maximum grid and anode currents. When this total 
emission figure is obtained, Eg max and Eg min Should be chosen, so 
that the total current flow at these figures is 80° - 95° of the 
maximum flow possible, and the difference between Eg max and 
Ea inin Must lie between 3% -7% of-the high tension voltage of 
the valve, Ey. 


(c) C, Grip ConDENSER, 


The value of grid condenser C, will depend largely upon the 
frequency on which the valve is required to operate and the value 
of Rj, since C, must not be small enough to discharge appreciably 
during one cycle, nor yet large enough to absorb sufficient energy 


to cause self-quenching, 7.2., intermittent oscillation. A fairly 
safe value is one chosen, so that :— 
C, = 107/fR, (2) 
where C, = grid condenser capacity, in micro-larads. 
f = frequency in cycles/sec. 


R, = grid resistance in ohms. 


Alternatively C,; may be made so that its reactance at the 
operating frequency is between 2% - 5% of the resistance of R,. 
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(d@) R,. SAreTy Bras RESISTOR. 

R, is a cathode resistor inserted for protection should the valve 
fail to oscillate. Contacts K, and K, are normally held closed 
by a relay in the anode circuit so that R, has no effect on operating 
conditions. Should the valve fail to oscillate, then the standing 
anode current would rise to a very high value, operate the relay, 
and automatic bias would be applied, bringing the anode current 
to a safe value. The relay is not self-resetting, so that the cycle 
of events cannot recur until any circuit fault has been corrected 
and the relay set by hand. The value of Rg is obtained from valve 


characteristic curves. 
(ec) Cy. C3 . FEEDBACK CONDENSERS. 

The capacity of condensers C, . Cg . is not very critical. The 
main point to be observed is that their reactance at operating 
frequency shall be extremely low in comparison to the inductive 
reactance of the chokes HFC, HFC, at that frequency. 

This is to ensure that the R.F. voltage supplied from the tank 
circuit shall be developed between grid and earth and not dis- 
tributed between grid, earth and across condensers C, : Cs. 


(f) Ly. TANK CoIL. 

Coil L, constitutes the anode load of both valves, and its in- 
ductance, in conjunction with capacity Cy, will determine the fre- 
quency of oscillation. 

The impedance, or dyn 
at resonance is given by the we 
the units are fundamental, z.e., L is in henri 

The Q of such a circuit is the relation 0 
resistance to impedance, and is a measure 0 
circuit. 

To obtain the best load factors possible in radio heating, it is 
essential to commence with a tank circuit designed to have as high 
a value of Q as possible, somewhere around 100. When the load 
of the work is placed across the tank, it will be equivalent to a 
parallel impedance, and so will reduce the impedance of the tank 
circuit—from the resistors in parallel formula, 


R, x Ry 
~ R, +R, 


Since Q is, in a parallel circuit, defined as the ratio of parallel 
resistance to impedance, then this will reduce the Q of the circuit 
and thus enable the valve to work efficiently and to transfer the 
maximum amount of power to the load. The most efficient figure 
for Q under load conditions is 10, and this also is the lowest value Q 
may possibly have. The reason for this is that with a Q lower 
Cc 


amic resistance Z, of the circuit L;-C, 
ll-known equation Z = L/CR, where 
es, C in farads, R in ohms. 
£ R to Z, i.e., relation of 
f the efficiency of the 
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than 10, the percentage harmonics in the output wave form become 
very high, and in addition to this the tank circuit will have a low 
power factor for presentation to the valve, both conditions being 
extremely wasteful of power. Unfortunately space does not 
permit proof of the foregoing statements, but detailed expositions 
will be found in any good text book. 

The power in the circuit which is available for transfer into the 
“work” will be dependent on the A.C. voltage present, as this is 
the only power that can do work by virtue of the alternating field 
it produces. 

The peak alternating voltage present in the circuit will be the 
high tension voltage minus the minimum anode voltage, t.e. :— 

5 a Eac + max = Ent “7 Ea min (3) 

Since it is power transfer that is under consideration, R.M.S. 
voltage will have to be substituted for peak voltage. Therefore, 


-—E nin Exemax 
Fac. Ms = Mat = Berita = a (4) 
V2 v2 


This voltage is developed across the impedance L/CR, where R 
is the series resistance of the coil. As this impedance is the anode 
load of the valve, then it must be given an optimum value at 
operating frequency. This optimum value is found as follows : 

It is first necessary to express the resonant impedance of the 
cuit in terms of Q, frequency, and inductance, so that, as the 
resistance of the condenser can be ignored at frequencics under 30 


circ 


megacycles/second, and Q = aah. by definition, 


R 
27fL iL 27fL 1 
Then, = = 
Q R” and CR R x Saf 
Therefore, Q x ! ~ Zar x ! = = 
2rfC R 2nfC CR 
1 
As 2 nfC = 27/L at resonance, 
Then Q 2nfL ae (5) 
ee 


The power in watts in a circuit with unity power factor, ex- 
pressed in terms of R.M.S. voltage and resistance is :— 


a2 


Watts = W = , so that, taking voltage from 
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equation (4) and dynamic resistance from equation (5), 


‘Evze d 2 
W = (Eac RMS) 6) 
O27fL 
This equation (6) can then be re-arranged in the form :— 
(Eac ros)” , 
2 LL = 7 
Tf OW (7) 
which, solving for L in micro-henries, becomes 
Fixe ce) 2 10-° 
L= (Eac rus)” x (8) 
QOW2nrf 


where fis frequency in cycles per second. 

In push-pull circuits each valve is designed around its own 
operating characteristics, but in the case of equation (8) the value 
of L found will have to be doubled, because the voltage E, found 
from equation (4) is only for one valve. In push-pull, the power 
is doubled, hence the need for optimum load to be twice that 
necessary for one valve. 


(g) CONDENSER Cy. 
The value of this component will follow from equation (8). 


(ht) FEEDBACK Taps. 
__ Will be so proportioned to feed correct peak R.I’. voltage to 
grids. 


7. The Oscillator. (Dielectric Heating). 


The design of an oscillator for dielectric heating follows on 
closely similar lines to the eddy current heater, the main difference 
being that instead of power amplification the requirement is now 
voltage amplification. This is because, in D.H. (dielectric heating), 
the energy passed to the work is proportional to the voltage de- 
veloped across the tank circuit, and not, as in E.C.H. (eddy current 
heating) the current flow. High voltages are obtained with low 
power by using valves having a high anode impedance, since, for 
given power dissipation, the alternating voltage component in the 
tank circuit will be greater the higher the anode impedance. 


_ This allows quite small valves to be used in D.H., sometimes 
with anode dissipation figures under 10 watts. 


8. Cutput Circuits. 
(2) InpuctTion Heaters. 


Fig. 12 shows the work coil coupled by the “‘auto-transformer”’ 
method, although the inductive coupling is not usually close enough 
to enable the hook-up to be regarded as a true auto-transformer. 
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Fig. 12.—‘‘Auto Transformer’’ Coupling. 


This means that the degree of matching obtainable is not very high, 
hence this method of coupling is generally used only where 
powers handled are above 5 kilowatts. 


Woe Cow 


Couprine Cor 


Tanne Cow © 


To Vauve HnNoves 


Fig. 13.—Inductive Coupling 


Fig. 13 is an example of inductive coupling. This allows 
matching to be performed with a fair degree of accuracy, although 
the losses in the closed circuit coupling are rather high. The 
overall turns ratio of the coupling, work, and tank coils, which in 
effect constitute two transformers, can together be used for matching 
work to tank coils. This type of magnetic coupling is used for 
powers below 5 kilowatts. 


(0) DrELectTRic HEATERs. 


In Fig. 14 the work is placed directly across the tank coil, 
condensers C,,-(C,, serving merely to act as H.T. stoppers, pre- 
venting the work electrodes becoming “alive.” The work being 
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Fig. 14.—Shunt Coupling. 
heated constitutes the dielectric of condenser Cys. With this 
method there is no provision for ensuring optimum transfer of 


energy from oscillator to work, so that the method shown in Fig. 15 
is more generally employed. 
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Fig. 15.—Series Tuned Coupling. 


_ _This circuit (Fig. 15) constitutes a series tuned combination of 
inductance and capacity L,-C,;. At resonance this circuit will 
Possess minimum impedance to current at the resonant frequency, 
and therefore current flow will be maximum. This means that 


the voltage across the reactive arm of the circuit will be at maximum. 


_ Inall methods of coupling, whether for E.C.H. or D.H., the aim 
1s to commence with a tank circuit Q of a value as high as possible 
under “no load” conditions, and arrange for the Q on load to 
come down to about 10, thus enabling the greatest amount of power 
to be developed in the load. 
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CHAPTER II. 
ELECTRONIC CONTROL METHODS. 


1. The Thermionic Valve. 


One of the main advantages of the three-electrode thermionic 
valve is the ease with which small variations of voltage on one 
electrode, called the grid, can produce large variations of current 
flow in the valve. In one special type of valve, usually termed a 
“gas-filled” valve or “‘thyratron,”’ an exceptionally heavy current 
can be started and stopped by means of a very small potential 
applied to its electrodes. 


ANODE o¢ PLATE. 


GRID 


CATHODE 


HEATERS 
Fig. 16.—Triode Valve. 


A symbolic representation of a normal type of three-electrode 
valve or triode is given in Fig. 16. In the triode valve, the grid 
1s placed very close to the cathode, while the anode or “plate” is 
placed a relatively great distance away. Because of its proximity 
to the cathode a small voltage change on the grid will have the same 
effect on the electron stream as would a very much larger voltage 
change on the anode. The grid of a valve is usually kept negative 
with respect to its cathode in order to prevent an inordinately high 
anode current from flowing, and this negative voltage applied to 
the grid is gencrally termed the “grid bias.” The amplification 
factor of a valve is the ratio of change in grid volts to the change 
in anode volts that would be necessary te produce the same change 
in current flowing. That is, 


roe Anode volts ch 
Amplification factor (1) = ee 


Grid volts change 
2. The Thyratron. 


The gas-filled valve (thyratron) mentioned before contains a 
small amount of chemically inert gas, and this gas enables the 
thyratron to carry a very much heavier current than a vacuum 
valve of the same physical size. This is because when anode 
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current begins to flow, the gas in the valve becomes ionised, and 
as the grid is the most negative electrode in the tube, the relatively 
heavy positive ions drift on toit. This makes the grid less negative, 
enabling more electrons to flow, ionising ’more gas atoms, the grid 
becomes even less negative, and so on. This cumulative process 
accounts for the rapid rise in anode current that takes place in a 
thyratron, this rise being maintained even against a drop in anode 
voltage. 

The high rate of discharge of a thyratron makes it very suitable 
for use asarelay valve. The principle of operation is this. When 
a condenser is charged through a resistance, the voltage across the 
condenser rises relatively slowly, at a rate depending upon the 
values of the condenser and resistance. If the voltage across the 
condenser is plotted against time, the resulting curve is exponential 
in character; thus a condenser is said to charge exponentially. 
(See Appendix 1). 

A thyratron connected across the condenser and biased to a 
certain figure will conduct when the voltage across the condenser 
has reached a certain limit. This positive value is high enough. 
to overcome the negative voltage on the grid, and it will be much 
greater than this grid voltage. The condenser then discharges, 
and current flows through the valve at a rapidly increasing rate, 
and can be made to do work by passing through a load in the 
thyratron’s anode circuit (the relay—Tig. 17). 
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Fig. 17.—Thyratron Circuit. 


BIASING 
VOLTAGE 


To obtain a pulse of short duration, the product of capacity 
multiplied by resistance, CxR (Fig. 12) must be small, whilst 
pulses of long duration depend upon C xR being of high value. 
One important application of a thyratron relay is in electric welding. 
Here a thyratron is arranged to charge up through a resistance and 
condenser, the values of both being so arranged that the point at 
which anode current commences to flow (the “‘striking’’ voltage 
of the thyratron) is reached after a required length of time has 
elapsed. Due to the action of the thyratron as explained, a current 
sufficiently heavy to actuate a powerful magnetic relay will be 
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flowing almost instantaneously. The relay is arranged to start 
and stop the high amperage welding current, the cut off being 
manipulated by the operator or by an “‘inverter” type of circuit, 
as described on page 25. Accurate control of duration of current 
flow is of great importance in welding, and electronically controlled 
relays enable this accuracy to be achieved in a reliable manner. 

A basic circuit for welding control is given in Fig. 12, and the 
welding relay shown can incorporate a time delay for self-resetting, 


thus making a completely automatic control system, using only 
one valve. 


3. The Ignitron. 


The foregoing apparatus, used generally to control flash or 
resistance welding cycles, is very efficient up to a capacity of about 
130 kilovolt-amps. | When the capacity of the machine rises above 
that figure, the size of the relays needed becomes prohibitive, and, 
in addition, a relay or contactor to handle above 300 amps at 400 
volts, would be necessarily both noisy and slow in operation. 

It is her? that a new type of control is brought into use, a valve 
termed an “‘ignitron.” 

The ignitron consists of a three-electrode valve, one electrode 
being the anode, one the “igniter’’ and one a mercury pool cathode. 
The igniter is a cone-shaped piece of semi-conducting material, with 
its small end just dipping into the pool of mercury constituting the 
cathode, and the method of operation is this :— 

A current is passed from the igniter through the mercury pool, 
forming a local “hot spot,” and thus releasing electrons from that 
spot. If the anode of the igniter is positive with respect to its 
cathode, then a current will flow through the valve. This current 
can have a momentary value of several thousands of amps, and 
thereby does away with the necessity of using a relay, as the actual 
current flow through the valve can be the welding current. The 
value of current can vary through wide limits, as the drop of voltage 
across the valve remains fairly constant around 20 volts, irres- 
pective of current flow. 

Another use for the gas relay valve is in the control of high- 
speed machine mechanisms, where instantaneous control of large 
currents is required, with the minimum expenditure of mechanical 
effort. 

In controls of this type a slight mechanical movement is arranged 
to operate a wafer switch which applies a small positive potential 
to the grid of the thyratron, reducing its bias from, say, minus 
10 volts to minus 5 volts. If the anode was arranged to start 
current flow with the grid 10 volts negative, then reducing grid 
bias to 5 volts negative, will permit the anode voltage to “‘strike’” 
in half the time it would otherwise have needed. This has the 
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effect of setting off the cycle of events, although the anode has 
not reached the originally determined striking voltage. 


This allows a more accurate time control to be maintained, and 
when operated in this manner the thyratron 1s said to be “‘trig- 


gered.” 


2. The Inverter. 


Another, and very interesting, use of the gas relay type of 
thermionic valve is in an “inverter” circuit. This circuit enables 
direct current to be converted into alternating current without 
the use of any moving parts, other than electrons. 


Normally, when a higher voltage than that provided by D.C. 
mains is needed to operate an amplifier or radio receiver, the D.C. 
is first changed into A.C. by a rotary converter, or vibrator unit, 
and then rectified. Both these processes utilize a mechanical 
movement for the conversion of the D.C.,into A.C. 


With the thyratron this conversion is accomplished entirely 
by electrical means, with a consequent abolition of noise and in- 
crease in efficiency. The type of circuit that uses thyratron valves 
to achieve this result is termed an “‘inverter,’’ and a skeleton 
circuit is given in Fig. 18. 
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Fig. 18.—Skeleton Inverter Circuit. 


In operation, an impulse is applied to the grid of thyratron 1, 
causing a current to flow in the anode circuit and through load 
resistance R,. The condenser C also charges through the second 
load resistance R,, and it charges until its potential is nearly equal 
to that of the high tension supply. | This is because, although 
connected to the anode of thyratron 1, the condenser is in effect 
directly across the H.T. supply because when current is flowing 
through thyratron 1 its resistance is negligible. | Now, suppose 
a second impulse be applied, but this time to the grid of thyratron 2. 
Current flows through this valve, and, as its resistance is now very 
low, due to this current flow, the end of condenser C connected 
to its anode is in effect tied to H.T. minus. As this end of con- 
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denser C was at high potential, due to the first impulse applied to 
thyratron 1, and is now tied to the low potential end of the circuit 
(H.T. minus) through thyratron 2, it must discharge through this 
valve. Its potential is thus applied between anode and cathode 
of thyratron 1, and in such a direction as to oppose the H.T. voltage 
applied to this valve, and consequently current through it ceases. 
This leaves the first valve quiescent, and it can only be made to 
conduct again by the application of an impulse to its grid, i.e., it 
must be triggered. 


Before this impulse is applied, C is ‘charged in the opposite 
direction through load resistor R,. 

The next impulse is now applied to the grid of thyratron 1, 
causing it to pass current as before. 

Condenser C now discharges through this valve, thus extin- 
guishing the current in thyratron 2. This continues as long as 
timed impulses are applied to each grid in turn, and the resulting 
current flow in the output circuit will be alternating. This A.C. 
can be transformed to any required voltage, and then rectified for 


use in any H.T. circuit. 
Bait 
OUTPUT. 
Lens ae 


Fig. 19.—Inverter Circuit (Self-Timing). 


Fig. 19 shows how the thyratrons are made to supply their own 
correctly timed impulses, and the frequency of the output A.C. 
is dependent on the values of RI and Cl, as these time the im- 
pulses to the grids. 


TI is a centre tapped transformer, through the primary of which 
D.C. is applied to the anodes of V1 and V2. 

T2 is again centre-tapped, this time the secondary tap is used 
for applying a negative voltage to the grid. : 

Small inverters for power amplifying equipment and radio 
receivers can be constructed using Osram G.T.1 or Mazda T.11 
‘type thyratron, and these provide a very efficient H.T. supply 
when used in conjunction with universal type rectifiers. 


lw 
“I 
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CHAPTER III. 
PHOTO-ELECTRIC CELLS. 


A photo-electric cell is primarily a means of either converting 
light energy into electrical energy, or using light energy to control 
electrical energy. | These properties make photo-cells one of the 


most used and most useful devices available to industry. 

- There are three main types of photo-cell, the first being called 
“‘photo-conductive,”’ the second “photo-emissive”’ and the third 
“photo-voltaic.”’ 

The photo-emissive cell is more versatile and in more general 
use than its predecessor, the photo-conductive, but an explanation 
of the latter will be of help in understanding the slightly more 
complex action of the photo-emissive and voltaic types. 


The original discovery that light energy could be used to in- 
fluence electrical energy was reputedly made at an early Trans- 
Atlantic radiotelegraph station of Marconi’s, where it was observed ° 
that the resistance of a selenium strip decreased when a beam of 
sunlight fell across it. This discovery was followed up, and the 
selenium photo-cell is the result. 


1. Photo-Conductive Cells. 

These cells are made by depositing a very thin layer of metallic 
selenium on to a foil electrode, the whole being assembled on a 
glass base. The whole is then heat-treated to convert the selenium 
to a sensitive crystalline state. 

In complete darkness a selenium cell’s resistance is about three 
million ohms, but when strongly illuminated falls to around forty 
thousand ohms. To use the cell it is usual to include it in the grid 
circuit of a valve amplifier, as in Fig. 20. 
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Fig. 20.—Photo-Conductive Cell and Valve Amplifier. 


All photo-conductive cells must have a constant voltage applied 
to them, as they can only control current, not generate it. 
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2. Photo-Emissive Cells. 


These are more truly “photo-cells,”’ as they do actually emit 
electrons when placed in the path of a light beam. The con- 
struction of one of these cells is shown in Fig. 21. 


CATHODE 


Fig. 21.—Photo-Emissive Cell. 


The cathode of an emissive cell usually consists of a thin metal 
plate coated with sodium, or caesium, depending on the colour 
of the light to which the cell must respond. 

Several metals possess the property of emitting electrons under 
the influence of light, and in addition to sodium and caesium already 
mentioned, potassium and rubidium constitute the more efficient 
of the photo cmissive series. 

Some of these metals respond more readily to light of one 
colour than another, the most notable being sodium, responsive 
to blue light, and caesium, sensitive to green. One of the most 
modern types of caesium cell, consisting of a caesium film a few 
molecules thick deposited ona backing of oxydised silver is sensitive 
to all colours, and slightly more sensitive to violet and red. With 
the emissive type of cell the electrode assembly is mounted inside 
a glass bulb which can be either evacuated completely—when it is 
termed a “‘hard”’ cell—or have a trace of inert gas left in it, when 
it is a gas-filled or “‘soft”’ cell. 

The gas-filled cell has much higher output owing to ionisation 
of the gas left in its bulb, but is more critical regarding anode 
voltage, and cannot respond to rapid fluctuations of light intensity 
such as occur in a talkie projector. For these reasons the ‘“‘hard”’ 
cell is more favoured to-day. 

Two main forms of circuit are used for the photo-emissive cell, 
depending on whether light is shone on to or cut off from the cell. 
In these cells an anode voltage is necessary in order to ‘‘drag off” 
the released electrons exactly as in the case of the thermionic valve. 

When the cell is in darkness no electrons are emitted from its 
cathode, and the cell is of such a high resistance as to be equivalent 
to a break in the circuit between H.T. and grid (Fig. 22), conse- 
quently the grid of the valve is kept negative by the bias voltage 
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Fig. 22.—Photo-Emissive Cell and Valve Amplifier. 


applied to it. This negative bias nullifies the effect of the anode 
voltage on the valve, no electrons are removed from its cathode, and 
no current flows through the relay. When the cell is illuminated, 
electrons are emitted from its cathode and attracted to the anode, 
because the anode is connected to H.T. plus. This electron flow 
generates a voltage drop across resistance R in opposition to the 
bias voltage on the grid, so current flows through the valve and 
the relay closes. 


To make the cell operate when light is cut off from it, it is only 
necessary to reverse the cell and the battery connections. In this 
case, the voltage generated across R is of the same polarity as the 
bias voltage, and so the bias on the valve is increased when light 
shines on the cell, and anode current through the valve only flows 
when light is cut off, and thus the relay acts when the light beam is 
interrupted. It is this circuit that is used to guard safes, jewels, 
etc., and is the basis of photo-clectric alarm signals. The cell will 
respond to ultra-violet light which is invisible to the human eye, 
and so can form a perfect protection device, the existence of which 
will be unnoticeable. 

Applications of the circuit using a closed relay when the cell is 
illuminated are so numerous as to defy tabulation, but some of the 
more important ones may be mentioned. It can be used to safe- 
guard a power press operator, in which instance a light source, such 
as an electric lamp, is placed on one side of the press and a photo- 
cell on the other. | When the operator’s hand or arm interrupts 
the light beam the relay in the valve circuit is caused to disconnect 
the press motor or clutch mechanism, and thus prevent the down- 
ward stroke of the press from taking place. The photo-cell would 
be provided with a hood to ensure that only light from the proper 
fixed source could operate it. The cell would not work on the 
upward stroke, so no time need be lost and work could be placed 
in the press whilst the ram was ascending, perfect safety being 
ensured by the cell. 
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Light variation due to marks on the paper can be utilized in the 
control of a wrapping machine, and the exact matching of colours 
is possible by using several cells, each one responding to one colour 
only, and arranging each output to register on meters marked 
“% red,” ““%, blue” and etc. The actual resulting colour can then 
be arrived at. The colour response of the cells would be obtained 
by placing a different colour filter in front of each one. 

Photo cells are used on printing machines, where they stop 
the whole press within 15 secs. of the paper breaking, preventing 
damage to expensive plates, etc. Fig. 23 shows a photo-cell fixed 
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Fig. 23.—Photo-Cells in Coal Hopper. 


in a coal hopper in such a manner that visual indication is given 
of coal level. Cells are also used in lifts to stop the lift at exact 
floor level; as incendiary bomb and fire detectors, when they are 
also arranged to turn on the sprinkler system ; and as automatic 
door-controls in places such as mines, where failure to close a door 
may have serious consequences in event of an explosion. 


An interesting application of a cell of either the photo-emissive 
or photo-conductive types is when used as a smoke density meter. 
This is done by using a photo-cell, an amplifier, and a light source. 
The photo-cell is placed at the top of the stack, and the light source 
fixed opposite it. When the smoke density reaches a pre-deter- 
mined level, the output of the cell falls and operates a warning 
device that can be either aural or optical, 


3. Photo-Voltaic. 


This cell differs from the other two in that it does not require 
an energising voltage, because, as its name suggests, it generates 
its own power. It may, in fact, be likened to a miniature elec- 
tricity works, where the current is generated by light instead of coal 
and turbo-alternators. 


The action of the cell depends on the fact that when light strikes 
certain semi-conducting materials electrons are forced out of the 
materials and will pass into any contacting conductor. The 
metals used are copper in contact with copper oxide, or selenium 
in contact with iron. 
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Fig. 24.—Photo-Voltaic Cell. 


Fig. 24 illustrates the action of one of these cells. When light 
penetrates the selenium, which is actually a very thin film, it 
releases electrons at the junction of the selenium and iron layers. 
This junction point is generally termed the ‘‘barrier layer.”’ 

A sensitive current indicating meter (micro-ammeter) connected 
as shown, will be deflected when light falls on the cell, thus showing 
the passage of an electric current. This cell is used in “light 
meters” of all kinds, and in the photographers’ exposure meter. 
Its output is much higher than that of its brother, the emissive type, 
and, of course, it does not need the polarising voltage that the 
emissive and conductive types do. 

All photo cell apparatus, large or small, consists of the following 
parts :— 

1. Light source. 

2. Photo cell, with valve amplifier if necessary. 

3. Relay, or some indicating, registering, or recording 
apparatus. ‘ 


CHAPTER IV. 
MATERIAL CONTROL. 


1. Raw Materials. 


In addition to the already mentioned method of radio-frequency 
melting of special steels, there exist several types of electronic 
equipment adapted for testing and controlling materials throughout 
the whole of their manufacture. . 

Among this apparatus may be mentioned the useful type of 
radiation pyrometer used for measuring various temperatures. It 
consists of a thermocouple placed at the focus of a parabolic re- 
flector, arranged to record the temperature of flowing metal, 
rather than that of the furnace. 
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Thermocouples can be made so sensitive that they will measure 
the heat of a candle at a distance of more than a mile. Inspection 
of raw material by X-rays is in quite general use, but on the whole 
X-ray analysis seems to be more profitably employed in the finished 
article, and will be dealt with later. 

A very recent system of checking bar and strip metal is by the 
oscillograph principle. Here, a bar of metal of known quality is 
used as a standard, and the consignment to be checked is compared 
with it in the following manner. The standard bar is fixed on a 
machine in such a manner that it can pass axially through a coil 
of wire, and the bar to be tested is arranged to pass through a 
second coil in an identical manner. 

The coils carry a low-frequency alternating current—25 cycles 
per second has been found to be best—and the inductance of the 
coils arranged to register on a cathode ray oscillograph. The coil 
through which the standard bar is being moved will show small 
variations, and limits of acceptance or refusal will be sct, having 
regard to these differences. The bar under test should show the 
same variations as the standard bar, and if these variations fall 
outside the “go” limits, then the bar will be automatically marked 
as unserviceable. 

Slag lines, blow holes, inconsistent thickness, etc., will all show 
up on the oscillograph, and the bar will be marked where these 
faults occur. 

There are several variations of this comparator method, one of 
which depends on the eddy current principle, but all of them are 
basically similar in operation. 


2. Grack Detection. 


One of the earliest patents taken out for crack-detecting appara- 
tus was the American one, and it used the system shown diagram- 
matically in Fig. 25. 


Very fine particles of iron were mixed with oil, and the article 
to be inspected for cracks immersed in the liquid, and the whole 
was then placed between the poles of a powerful electro-magnet. 
Any break in the metal will have a magnetic field existing across it, 
and consequently the fine iron filings will adhere to the gap. The 
depth or amount of “piling” of the iron is roughly proportional to 
the depth of the fault. 
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With this method the biggest trouble was maintaining the iron 
particles in suspension, and however fine they were made it was 
still necessary to use a fairly viscous medium to effect any reliable 
degree of suspension. 

The obvious alternative was to use a magnetic oxide of iron, 
and this was done eventually. The suspending medium eventually 
used was a paraffin oil, and a specially light, porous oxide of iron 
developed for use with the oil. There are also various powders 
obtainable which serve the same purpose, but in principle the 
apparatus remains the same. 


< 
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INTERNAL FLAW 
Fig. 26. 


Another method shown in Fig. 26 enabled flaws to be detected 
in the interior of apparently crack-free material. 

The magnetised needle is traversed along the lines of magnetic 
flux flowing through the material, and if, by reason of a flaw or 
some other distortion the free flow is interrupted, then a bending 
of the force lines will occur. So long as these bent flux lines 
extend outside the job under test, then the needle will follow their 
change of direction and thus indicate the fault. 

It will be noticed that cracks, etc., can only be detected mag- 
netically when they lie at an angle to the direction of the magnetic 
field, and therefore the article should be magnetised in two directions 
at 90° to each other. Non-magnetic materials cannot, of course, 
be inspected in this manner, and there are several methods of eddy 
current crack detection for these cases. 

One of the latest developments in the detection of surface flaws 
is the use of ultra-violet light. It is a very simple method, is 
easily carried out, and can be applied to most substances, metallic 
or otherwise. . 

The article under test is first subjected to a degreasing process, 
and then dusted over with a very fine light powder that has the 
property of fluorescing under ultra-violet light. The excess 
powder is then removed but, because of its extreme fineness, a 
quantity will remain in even the smallest crack or surface flaw. It 
is then placed under a strong ultra-violet lamp, and the powder 
remaining in the cracks glows brightly—that 1s, it fluoresces. ' 
The phenomenon of fluorescence is a very interesting one, and it 
involves a process whereby the fluorescing material absorbs the 
light energy falling on to it, and re-radiates part of this energy in 
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the form of light of a longer wavelength, or of a colour nearer to 
the red end of the spectrum. 


The light used in this method of crack detection is ultra-violet, 
and it is of such a short wavelength as be invisible to the human 
eye. Consequently, when the job being inspected is viewed in a 
darkened room, only the light from the fluorescing material re- 
maining in the surface faults will be visible. 


In a system demonstrated by Colloidal Research Laboratories 
Ltd. the article to be examined is first placed in a hot bath of 
fluorescent material, and then transferred to a bath containing a 
solution which removes all fluorescent material except that re- 


maining in cracks, etc. It is then exposed to ultra-violet light 
in the usual manner. 


The normal technique of dipping in the two baths can be varied 


to suit special cases, and the method is marketed under the trade 
name ‘‘Geo-Crack System.” 


3. Radiography. 


X-rays, ultra-violet rays, visible light, and broadcast radio 
waves differ from each other by wavelength alone, and are all in 
what is termed the ‘‘Electromagnetic Spectrum,” Fig. 27 illustrates 
this in diagrammatic form, and the terms “‘rays’”’ and ‘‘waves”’ are 
really synonymous. 
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Fig. 27.—Electromagnetic Spectrum. 


X-rays have the valuable property of being able to penetrate 
quite considerable thicknesses of material, and they also affect 
photographic plates in much the same manner as does ordinary 
light. Hence it becomes possible to photograph the ““‘inside’’ of 
metals or objects that are otherwise completely inaccessible. There 
are two main ways of carrying out inspection by X-ray, one by 
means of a fluorescent screen, and the other by photography. 


In the first case the object to be ‘‘analysed’’ is placed between 
an X-ray tube and the fluorescent screen, when an outline of the 
object and its internal construction will appear on the screen. This 
system, whilst being fast and cheap, needs a highly-skilled operator, 
owing to the difficulty experienced in visualising the resultant 
picture in its true perspective. 
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With the photographic recording of X-rayed objects, interpre- 
tation becomes much easier, and fault detection is 7 to 10 times 
more accurate. The image will not be reversed, and comparatively 
unskilled labour can be used for operational purposes. The film 
is usually passed through a projector and the enlarged reproduction 


viewed on a screen. 


The uses of X-ray photography are too numerous to permit 
mention of every individual application, but among the more 
unusual ones are X-ray inspection of soldered joints, plastic mould- 
ings, the flow of dust in exhaust tubes, and, with an X-ray tube 
working at 1,000,000 volts, photographs through 8" thick steel 
plate. The use of radiography in foundry inspections not only 
eliminates the further processing of faulty castings, but helps toward 
better foundry practice in general. 


Where the shape of the object or its location does not permit 
the use of an X-ray set, then it is often possible to obtain the same 
sort of photograph with the help of gamma rays. These rays are 
emitted by most radio-active substances, have a penetrating power 
equal to or surpassing that of X-rays, and affect film in the same 
manner. 


Usually the gamma ray source is 200-250 milligrams of radium 
element sealed into a platinum capsule, and its diminutive size 
makes it suitable for photography from awkward situations. 


4. X-Ray Crystallography. 


X-ray crystal analysis is taking its place in routine inspection 
matters, and has ceased to be regarded as a pure research instrument. 
- As a rule, moderately dense materials such as metals do not show a 
distinct surface crystal structure with any degree of symmetry. 
However, their internal granular structure is dependent upon a 
regular atomic disposition, and it is this regular arrangement of 
internal atoms that helps determine their physical properties. Jor 
most metals used industrially, the basic crystal structure is either 
body-centred cubic, face-centred cubic, or hexagonal. 


As the spacing of the planes in these crystals is approximately 
the same as the wavelength of X-rays, they act to these rays as 
diffraction gratings do to ordinary light. From this basic know- 
ledge a method has been devised which enables substances to be 
analysed by virtue of their crystal nature, instead of depending on 
chemical means. Crystal analysis has also proved exceptionally 
valuable in research on synthetic rubber, plastics, gaseous discharge 
lamps, etc., and there is no doubt that it will become even more 


valuable as time goes on. 
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CHAPTER V. 
GENERAL. 


1. Electron Microscope. 


The electron microscope claims to be the most sensational 
instrument of the age, and represents one of the biggest strides 
made in electronics during recent years. Its advantages over the 
ordinary type of optical instrument are as great as was the increase 


in performance given by the light microscope over the magnifying 
glass of years ago. 


Briefly, the limitations of the light or optical microscope are 
imposed by the fact that the wavelength of light is too long to allow 
direct magnifications higher than about 2000 times. If invisible 
ultra-violet light is used and the object viewed through quartz 
lenses and a fluorescent Screen, then a gain of 50% or so can be 
obtained ; this because the wavelength of ultra-violet light is very 
much shorter than that of the blue-green light usually used. From 
this followed that, until it should become possible to develop an 


entirely different system of magnification, the ultimate end of 
microscopy had been reached. 


About 20 years ago it was shown by de Broglie that a travelling 
electron has a definite wavelength, and, that this wavelength could 
be evaluated mathematically. His formula expressed this wave- 


length in terms of the voltage accelerating the electron, and, where 
this voltage is E, was :-—_ 


Wavelength = V (=) x 10-1 meters. 


The value E for metal cathode ray tubes is in the region of 
60,000 volts, and gives a wavelength of -05 x 10-!° meters. 

With the electron stream as a basis in the new electron micro- 
scope, the useful magnification obtained may be increased 100,000 
times that possible with ordinary light, and so the claim of the 
electron microscope to be the most sensational instrument of the 
age is well supported. The electron microscope works on very 
much the same principle as does the ordinary optical instrument, 
the main differences being that, as already shown, an electron 
stream is substituted for a light ray, and electro-static or electro- 


magnetic lenses are used in place of the glass or quartz ones of the 
light microscope. 


These electronic lenses are of exactly the same type as those 
shown in Figs. 3 to 6 inc. Commercial instruments are marketed 
by R.C.A. and the G.E. Company of America, and vary in magni- 
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fying power from 8000 x in a G.E. electrostatic model, to R.C.A.’s 
G6-ft. high floor model, giving magnification up to about 200,000 x. 


2. Ozone Generator. 


An ozone generator utilizes a “brush” discharge of electricity 
to produce a molecule of oxygen with the formula 0,. This some- 
what unstable molecule is a very active bleaching and oxydising 
agent. 


A big use for an ozone generator is in canteens or workshops 
using malodorous processes, where it will keep the air free from 
taint, in addition to acting as a good germicide. 


Ozone does not get rid of odours merely by masking them with 
stronger and more acceptable ones; it actually destroys them by 
entering into chemical combination—in effect, it burns up the 
offensive particles. 

The principle of operation is very simple, and the apparatus con- 
sists of an arrangement of small sharply-pointed electrodes, from 
which a continuous discharge of electricity, called a brush discharge, 
is obtained. Any electric spark will produce ozone, but as a spark is 
accompanied by heat, it also generates nitrogen oxide and, by 
virtue of its heat, tends to decompose the ozone back into oxygen. 
Hence the use of a brush discharge type of generator which is 
easily able to dissipate the very small amount of heat it produces. 


3. Measuring Instruments. 


Although electronics has provided us with innumerable pre- 
cision instruments, each and every one employs one or other of the 
accepted basic principles of electronics. | AS a consequence, no 
useful purpose would be served by making what would amount to 
an incredibly long list of instruments that would most certainly 
omit the majority of types available. One of the later measuring 
instruments that is especially worthy of note is the “vibration 
meter.’ This instrument consists essentially of an integrating 
valve voltmeter, and in effect is used to measure the voltages 
developed by a piezo-electric crystal. The crystal is mounted 
in a housing (called the “pick-up head’’) which is clamped to the 
part under test, and naturally picks up the vibration of that part. 
These vibrations are transferred into electrical impulses by the 
crystal in exactly the same manner as in a crystal gramophone 
pick-up, or a crystal microphone, and then fed to the valve volt- 
meter. The scale of this voltmeter is calibrated in thousandths 
of an inch instead of in volts, and thus gives a direct indication of 
the amount of vibration present. If this instrument is used in 
conjunction with a cathode ray oscilloscope, a direct reading of the 
frequency of vibration can also be obtained. 
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Another interesting use of meters is in connection with boiler 
house control. Boiler indicating instruments, such as CO, in- 
‘dicating recorders, pressure gauges, smoke density meters (page 
30), etc., can be set in a panel in the boiler house and arranged to 
operate remote-control mechanism. 


A duplicate set of these instruments may with advantage be 
situated in the office of the chief engineer, the whole boiler house 
“system then being under constant skilled supervision, A much 
higher average efficiency can thus be maintained with less time lost 
due to breakdowns. The principle of remotely controlled electronic 
instruments is not applicable solely to boiler house work. It can 
be used wherever a process or machine requires constant control. 
In some cases, relays can be connected to the instruments concerned 
in such a manner as to make them self-regulating, and the machine 
or process completely automatic. 


4. Discharge Tubes. 


One of the earliest gas-discharge tubes ever made was the 
“Geissler”? tube, produced in 1880. (Fig. 28). 


Fig. 28.—Geissler Tube. 


This is a glass tube, from which air has been exhausted, and 
two platinum or nickel wires sealed into it, one at each end. If 
an electric potential be applied across it, then, depending on the 
pressure of the gas remaining in the tube, a coloured glow will be 
emitted. The distribution of the glow is controlled by the pressure 
existing in the tube, and the colour is determined by the nature of 
the gas causing this pressure. The phenomena of glow distribution 
change with pressure change is made to perform a very useful job 
in the food canning industry, where it provides a rapid and reliable 
indication of the state of vacuum existing in the air exhausting 
apparatus. The colour of the light is dependent on both the 
pressure of the gas and its nature, and so provides an additional 
check, indicating the presence of gaseous impurities that might 
condense after the cans are sealed. _ Water vapour and oil vapour 
are likely offenders, and they would make their presence known 
by a whitish-blue or blue glow respectively. 


In this method of pressure indication a small tube of specially 
toughened glass between 10-20 cms. Jong is permanently attached 
to the vacuum chamber, and a fairly high voltage maintained 
across its electrodes. 
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The colour of the glow in the tube and the disposition of this 
colour then gives a sufficiently reliable general indication of the 
degree of vacuum existing. 

This type of pressure measurement is also used in instances 
where chemicals are to be distilled in vacuo, and in the evaporation 
of metals in laboratory work. 


5. Fluorescent Lighting. 


Modern fluorescent lighting tubes are made in lengths up to 
five feet, and are what is called the “hot cathode’ type. They 
are also obtainable with the inner glass walls coated with a fluore- 
scent powder, and the powder is so chosen that in conjunction with 
the glow from the gas itself a light closely approximating to day- 
light is produced. Hence the name ‘‘daylight lamps.”” Compared 
with the ordinary incandescent filament lamp fluorescent lighting 
is very efficient, giving more light per watt, and the tubes have a 
life slightly longer than the familiar tungsten bulb. Their surface 
brightness is about double that of the ordinary lamp, and to com- 
pensate for this, the general degree of illumination should be in- 
creased ten times. 

Light intensity levels are very rarely taken as high as this, and 
so fluorescent lamps should not be mounted in direct view. 

A special type of discharge tube known as the “‘Strobotron” 
has been recently developed for high-speed photography. This 
tube gives a very intense flash of light lasting only a few thousandths 
of a second, and special tubes have been developed giving a flash 
discharge lasting only 1/40,000 of asecond. They are used in the 
photography of high-speed machines, such as the reciprocating 
parts of internal combustion engines, and in scientific work of 
every kind. 

It should be mentioned here that although the term “‘fluorescent 
lighting”’ is now applied to most gas-discharge tubes, it is not 
strictly correct. The only lamps that are truly fluorescent are the 
“daylight’’ or ‘“‘warm-white” types, the others being more strictly 
termed “‘gas-discharge’’ lamps. 


6. Sound Amplification. 


One of the most well-known uses of high power amplification 
is the diffusion of music, etc., in factories, including the relaying 
of the B.B.C.’ “music while you work” programmes. The usual 
type of equipment used is built on the rack principle, incorporating 
record-playing desk with turn-table and pick-up, radio receiver, 
and controls for “fading” in the microphone used for making 
announcements. : 

In factories where there is likely to be a large amount of iron 
dust flying about in a dirty atmosphere, special types of industrial 
speakers must be used. These are protected from dust and damp, 
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and have especially efficient protection from small particles of iron 
and iron filings. As these speakers are of the permanent magnet 
type, they attract iron dust and any other magnetic material in 
the atmosphere, hence the necessity for special insulation. | When 
the speaker unit has to be fixed in a machine shop where there are 
extensive overhead countershaft systems then a directional type 
of horn speaker is used. _ This directional property enables the unit 
to be placed well above the shafting, and the sound output directed 
down to the level where it is required. If it should be thought 
necessary these directional speakers can be ‘“‘aimed”’ at a particular 
group of workers, or directed at an area having high noise level, 
thus overcoming interference without a large expenditure of energy 
over areas that do not require it. In addition, an application of 
the well-known “automatic volume control” principle will enable 
an amplifier to adjust itself to varying noise levels. 


Noise Location. 


A trained and experienced mechanic can often tell from the 
noise made by an engine or machine whether everything is working 
as it should, and frequently any fault will produce a quite distinctive 


noise of its own, capable of identification by reason of volume 
and/or pitch. 


It is in this latter respect that sound amplification can make 
a useful contribution to identification. A small 10 or 20 watt 
amplifier is used, and its output fed into what is termed a “‘filter”’ 
network. This network is an arrangement of inductance and 
capacity so chosen that it will offer a high impedance (sometimes 


called ‘“dynamic resistance’’) to a pre-determined pitch, 7.c., fre- 
quency of sound. 


If the capacity in the circuit should be made variable, then the 
sound frequency to which it offers maximum impedance will also 
vary, and in this way the relative sound intensities at varying 
frequencies can be measured. This method has been successfully 


adopted as part of the noise and efficiency tests on gear speed 
transformers. 


Here, with the gears running at pre-determined speeds, noises 
due to pitch errors, shock loading of teeth, etc., are singled out, 
amplified, and graphically recorded. They can then be studied 
at leisure, and the alterations in tooth shape necessary to remove 
the cause of noise made with confidence. 


With a constant amount of amplification, properly compensated 
for frequency, the difference in sound levels can be accurately 
obtained and the power level or loudness difference measured in 
decibels. The number of decibels by which any one power differs 
from another is given by the expression :— 


INTRODUCTION TO INDUSTRIAL ELECTRONICS » 41 


N (decibels) = 10 logy, P,/P,, where 
P, = input power. 
P, = output power. 
P,/P, = power ratio. 

It will be noted that decibels give a power difference only, and 
to be of any use this difference must be expressed relative to some 
fixed level of power. 

In acoustics the arbitrary zero pressure level is generally taken 
as 1 dyne/sq. cm., and the velocity zero 1 cm./sec. 

The phon, the true measure of acoustic loudness, is expressed 
in the same manner as the decibel, and zero level of loudness, 
i.e., 0 phons, corresponds to a pressure of -0007 dynes/sq. cm. at 
400 cycles/sec. 


7. Anodic Treatment of Light Alloys. 


The anodising of aluminium and other light alloys is an elec- 
tronic-chemico process in which the material being treated is used 
as the anode for a current of uni-directional or alternating electricity 
passing through an electrolyte, 7.e., a liquid conductor of electricity. 

This differs from the usual electro-plating process, in which 
metal is deposited on the material which is usually the cathode 
of the circuit. In anodising, the coating is obtained from the 
deposition of oxygen and the metal itself, and is in fact a tough 
coating of alumina. 

The Aluminium Company of America has a patented “‘Drumilite”’ 
process which secures a very adherent dense coating of aluminium 
oxide, the constituents of the electrolyte being varied according 
to the type of coating required. The colours produced are very 
attractive, having a metallic lustre, which produces the effect of 
internal lighting, something like the flamboyant finishes lately 
used on bicycle frames. 

Whilst the coating itself is of a hard, corundum-like quality, 
the colours are not quite light proof, thus making them more 
suitable for interior rather than exterior use. Greater light fastness 
can be obtained at the expense of colour quality by using mineral 
dyes. Aluminium coated in this manner is exceptionally resistant 
to corrosive influences, such as sea-water, etc., but is rather liable to 
surface cracks in forming operations. 


It is possible to produce a coating that will allow of forming 
without undue cracking, but this type of finish is not so hard or 
so resistant to corrosion. 

In anodising, the material must first be thoroughly degreased 
and washed, and it should be noted that alloys containing over 
5°, copper are rather difficult to anodise successfully, as are alloys 
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high in silicon. 
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in first cold, then hot water, and well dried. 
coat of paint and/or varnish will increase corrosion resistance, as 
the anodic coat is very absorbent. 


After treatment, the material should be washed 


The addition of a 


TABLE Il. 
4 | 
j APPROXIMATE 
| TEMP CURRENT A.C. CoOLouR 
ELECTRO-| IN VOLTAGE | TIME IN DENSITY OR | CATHODE | OF 
LYTE, °C; , MINUTES. IN WatTTS D.C | FINIsu. 
Per Sq. Ft. | | 
| Slowly | 
from | 
0 to 40 | First 15 Soft 
| 
3% 40 | 15th to | Iron 
Cromic 40 | 50th. | 200 to 250 D.C. Grey 
acid in i or | 
water. | 40 to 50 | 50th to | | 
| | d55th. | Carbon. 
50 =«''55th to 
60th. | | 
Slowly | 
to 3 First 5 | 
| 
Dilute 5th to | 
Sulphuric 15th Soft | 
Acid, | 
Sp. gr. 3 slowly | 15th to | Iron 
Approx. 20 to 15 | 30th , Clear 
1.220 with to | 280 to 300 | D.C or and 
trace of 22 15 | 30th to | | trans- 
glycerine. 35th | Carbon | parent. 
15 to 30 | 35th to 
65th | 
Oxalic / 20°} Constant | | Soft Tron 
acid with to between | 60 280 to 350 D.C. or Golden 
trace of 30 40-60 Carbon. 
Chromium j } . 
salts. Constant | Material 
20 | between | 200 to 300 A.C. | is used 
» 15-30 | | for both | 
| | electrodes 
1 


Voice-Operated Mechanisms. 


Voice-operated apparatus has not yet reached the same pitch 
of development as most other electronic devices, but is nevertheless 
Its principles are quite simple—more 


in quite a useful stage. 
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simple, in fact, than many other forms of apparatus—-but the 
difficulties in practical application are very numerous. 

Basically, voice-control is a method whereby certain frequencies 
in the human voice are selected, amplified, and made to do certain 
fixed operations. For instance, the vowels A, E, J, O, U each 
have a distinct fundamental frequency, quite irrespective of the 
voice of the individual forming them. 

Different “tones of voice” are due in the main to the presence 
of a varying amount of harmonics in each person’s voice, and the 
fundamental frequency is not affected to any marked extent. 

Thus it will be seen that if provision is made for ‘“‘accepting’’ one 
particular frequency via a microphone, the resulting electric current 
is capable of amplification to a stage where it can be made to do 
useful work. This obviously has some considerable disadvantages, 
in that each time the chosen vowel occurred, the electro-mechanical 
sequence would be put into operation, perhaps with very untoward 
results. It is, however, simple to arrange that more than one 
vowel shall be necessary, and that they shall occur in a definite 
sequence, thus effectively precluding the risk of unintentional 
operation. The selection of frequencies would be done by a network 
of iron-cored coils and condensers, and the amplification by the 
usual valve amplifier. 

Applications of the system are quite numerous, and one com- 
mercial passenger elevator has been running successfully for some 
time with its “floor call’’ done by speaking into a microphone the 
number of the floor on which one is standing, and then, when inside 
the elevator, the number of the floor one requires. 

It only requires a course of intensive research to enable a large 
amount of operations at present requiring a certain amount of 
manual dexterity to be done by voice-controlled electronic ap- 
paratus. 


APPENDIX I. 
TIME CONSTANT. 


“Time constant’’ isa term frequently used in electronic engineering 
technique, and is accepted as being a measure of the period required 
for a condenser to acquire a certain charge. Suppose a condenser 
to be connected in series with a resistance and a source of constant 
voltage. The condenser will charge up at a rate dependent upon, 
inter alia, the potential difference across its terminals, and when 
the condenser has no charge this voltage will be at its maximum. 
The flow of current (charging current) into the condenser will then 
be limited solely by the resistance. As the charge held by the 
condenser increases, the potential difference across its terminals 
will be smaller, and consequently the rate of flow of charging 
current will decrease. 
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Thus it will be seen that a condenser can theoretically never 
acquire a terminal voltage equal to the supply voltage, 7.e., it can 
neither be completely charged nor discharged. 

When an effect varies in a manner dependent upon itself, any 
law expressing its relation will involve a constant termed e, this 
constant being frequently met in physics. The numerical value 
of this letter is approximately 2-7183 and it is used as the base of 
hyperbolic or natural logarithms. 

By the use of this constant the law expressing the voltage across 


the terminals of the condenser in terms of capacity, suppiy voltage, 
and time is of the form :— 


7 1 
v=V (1 ae) a 
where v = condenser voltage. 
V = supply voltage. 


e = 2-7183. 
t = time in seconds. 
C = capacity in Farads. 
R = resistance in ohms. 
C = capacity in micro-Farads, 
R = resistance in megohms. 
The symbol V is used to represent voltage, to avoid confusion 
with the symbol e. 


If the time be made equal toC x R, then the equation becomes : 
v = V (1-I/e), ; (2) 
which is v 0-63 V (3) 

Therefore, it can be stated that the condenser voltage will rise 
to 63% of its full amount in a time equal to CxR seconds. This 
is the ‘‘time constant’”’ of a resistance-condenser network. 


The same law applies to the discharge of a condenser through a 
resistance, the amount of discharge being proportionate to the 
amount of charge left in the condenser, that is : 


or, 
when 


Vi 4 
2 eticR (4) 
where v = condenser voltage. 


Vi initial voltage. 


Other values as before. 


So that in a time, 4=CR seconds, the condenser voltage will have 
fallen to 100 - 63 per cent. of its initial figure, that is, to 37%, 


If ¢ is equal to, or less than, 10% of CR, then the condenser 
voltage will fall 10% or a proportionate amount in time ?, so that 
when ¢ is small compared to CR, the discharge for that time is 
very nearly linear. 
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